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Introduction
Total ankle replacement for end-stage ankle arthritis with talar varus malalignment of ≥10° can achieve satisfactory outcomes in the ankle joint, and ≥10° of talar varus malalignment should not be considered a contraindication for surgery 1 . Clinical outcome scores at a mean of 36.7 months following total ankle replacement were found to be significantly improved, as compared with preoperative scores, for patients with a varus ankle deformity and were comparable with outcomes in patients with a neutral ankle 1 . Revision rates evaluated for up to four years postoperatively have been found to be similar between patients with a varus ankle and those with neutral ankle alignment 2, 3 . The boundaries within which total ankle replacement can be performed to ensure good and consistent results continue to be further defined. As with all surgical procedures, careful patient selection is vital to ensuring success.
In total ankle replacement of a varus ankle, it is important to restore neutral coronal plane alignment at the level of the tibiotalar joint. A poorly balanced ankle joint prosthesis will result in edge-loading, which causes increased contact stresses on the polyethylene insert, accelerated polyethylene wear, and premature implant failure. Persistent varus causes overload of the medial ankle mortise and can be a reason for pain following total ankle replacement for a varus ankle. Ancillary procedures to correct deformity that are performed before, during, or after total ankle replacement are important to prevent failure due to instability of the varus ankle 2, 3 . More ancillary procedures are often necessary in a patient with a varus ankle, and on occasion a twostage procedure is required 1 .
The general principle is to correct the pes cavus deformity and the talar varus first, and then proceed with the ankle joint replacement. The goals of total ankle replacement are (1) to place all components perpendicular to the plumb line of the body, so that all components are parallel to the floor when the patient is standing; (2) to achieve a balanced, stable, congruent ankle joint with plantigrade alignment of the hindfoot and forefoot; and (3) to restore ankle range of motion [4] [5] [6] . If these goals cannot be accomplished, a fusion should be considered. Total ankle replacement for an ankle with a preoperative coronal plane varus deformity of ≥10° includes the following steps.
Step 1: Preoperative Assessment and Planning
Conduct a thorough clinical and radiographic evaluation of the entire lower extremity.
• Rule out neurological causes of varus malalignment, including hereditary sensory motor neuropathies, tethered spinal cord, peripheral nerve injury, clubfoot, and subclinical nonprogressive neurological abnormalities such as mild cerebral palsy. These etiologies may be a contraindication for total ankle replacement. • Examine the orientation of the knee and tibia.
Knee arthritis is common in patients over sixty years of age. If the hindfoot varus deformity is associated with an arthritic varus knee, then a knee arthroplasty or proximal tibial osteotomy may be required prior to total ankle replacement ( Fig. 1 ). • Observe the patient's gait, especially knee contracture, varus thrust of the knee in midstance, heel-toe progression, and any rigidity or increased hindfoot varus during the stance phase. It is important to rule out any clinical evidence of weak dorsiflexion, which can be a contraindication for toal ankle replacement. • Evaluate the ankle for the degree and location of the deformity, range of motion, stability of peritalar joints, arc of peritalar motion, nerve function, and vascular supply 7 . Limited eversion of the hindfoot (i.e., not past the neutral position) may indicate medial contractures, or rupture of one or both peroneal tendons, both of which need to be addressed surgically (Video 1).
• Base the radiographic evaluation on clinical findings. Anteroposterior and lateral hindfoot views of orthogonal, full-length, weight-bearing tibial and hindfoot alignment radiographs are standard. A computed tomography (CT) scan may be required to visualize frontal plane malalignment, or a more complex deformity with questionable bone stock, substantial rotational malalignment, or adjacent joint disease ( Fig. 2 ). • Consider the degree of coronal talar plane deformity, the orientation and integrity of the tibial plafond (congruent varus deformities [ Fig. 1 -B] are more difficult to correct than incongruent deformities [ Fig. 3 -A]), medial flaring of the medial malleolus, and the position of the talus ( Fig. 3 ).
Step 2: Surgical Assessment
In the operating room, conduct a physical examination prior to and following ankle exposure to determine the ancillary procedures required.
• Examine the ankle once the patient is fully anesthetized. Conduct valgus and eversion stress tests to determine hindfoot flexibility. A more rigid deformity will require a greater number of ancillary procedures (Video 1). • A substantial medial release is required if the foot cannot be everted past neutral.
Step 3: Medial Soft-Tissue Release (Pes Cavus Correction)
Proceed with tendon and soft-tissue release as needed to correct pes cavus deformity and improve range of motion.
• If there is a substantial pes cavus deformity with a tight plantar fascia, perform a plantar fascia release. Make the incision in line with the posterior border of the medial malleolus in a longitudinal direction. Perform a blunt dissection to avoid injury to the medial calcaneal nerve, down to the fascia of the abductor hallucis. Extend the first toe to place the plantar fascia under tension, and bluntly dissect the plantar fat pad away from the plantar fascia. Transect the inferior portion of the abductor hallucis fascia and the entire plantar fascia. (Note that, in this scenario, a complete release of both the fibularis and the tibialis portions of the plantar fascia is recommended.)
A visible collapse of the medial arch results after plantar fascia release (Video 2). • If the foot cannot be everted past a neutral position, release the posterior tibial tendon and the talonavicular capsule (Video 3). Make a medial incision, starting just distal to the medial malleolus and extending past the navicular tuberosity.
In the video, the posterior tibial tendon is released and later prepared for transfer to the peroneus brevis. Transect the talonavicular capsule vertically and perform a complete release of the talonavicular joint, including the spring ligament inferiorly. Also in the video, a calcaneal spreader with Kirschner wires is used in an extra-articular position, followed by insertion of a blunt Cobb elevator to gently lever the navicular away from the talar head, without causing any damage to the articular surfaces.
Step 4: Correction of Varus Talar Deformity
Correct varus talar deformity via a standard resection of the ankle joint osteophytes, starting laterally and finishing medially.
• If the preoperative radiographs and CT scan have demonstrated substantial lateral osteophytes ( Fig. 2-A) , then make a lateral incision over the fibula and conduct a thorough debridement of the osteophytes (Video 4). In Video 4, a lateral incision was made, starting proximally at the fibula and extending distally into the sinus tarsi, to open the peroneal sheath. Expose the fibula and lateral aspect of the talus by carefully dissecting the anterior talofibular ligament and the ankle capsule off of the fibula. Carefully resect osteophytes off the anterior aspect of the fibula and the talar body. • Occasionally, a hypertrophied calcaneofibular or posterior syndesmotic ligament is interposed between the fibula and talus, preventing reduction of the talar varus deformity. If this is the case, debride these structures to clear the lateral space for the talar reduction. • Expose the ankle joint through a standard anterior approach. • Debride any osteophytes located on the anterolateral plafond (hypertrophied tubercle of Chaput), medial aspect of the tibia, medial malleolus, talar neck, anteromedial surface of the talus, and inferomedial aspect of the talar neck (Video 5). In Video 5, decompression of the medial gutter extends inferiorly to include the hypertrophied medial aspect of the talar neck, anteroinferior portion of the medial malleolus, and a hypertro-phied portion of the sustentaculum tali. • Evaluate the correctability of the talus in the coronal and transverse planes. Apply a posterior and external rotation force at the ankle; the talus should rotate externally and reduce into the ankle mortise. In Video 5, the correctability of the talar varus is demonstrated on fluoroscopic stress views, and adequate debridement of the medial gutter is visible. • If the talus does not correct after the aforementioned release of medial soft tissues (plantar fascia, posterior tibial tendon, and talonavicular capsule), lateral osteophyte and gutter debridement, and medial release and osteophyte resection, then consider a fusion of the ankle or a two-stage replacement. • A staged total ankle replacement involves temporarily holding the corrected talar position with Kirschner wires and then inserting antibiotic cement into the medial plafond and malleolar gutter (Video 6). In Video 6, the gap between the talus and medial malleolus is visible. Insert the cement and allow it to cure before removing the Kirschner wires. Then close the soft tissues in a standard fashion. • The patient is kept non-weight-bearing for two weeks to allow for soft-tissue healing and then can bear weight with the ankle in a cast for six to eight weeks. This is followed by a final reconstructive phase that involves removal of cement and ankle joint replacement, with possible lateral closing wedge osteotomy of the calcaneus and dorsiflexion osteotomy of the first metatarsal.
Step 5: Posterior Tibial Tendon Transfer to the Peroneus Brevis
Consider transfer of the posterior tibial tendon to the peroneus brevis to help maintain correction of the varus deformity.
• Often the peroneal tendons are diseased or ruptured in patients with a talar varus deformity.
The posterior tibial tendon acts as a deforming force, and its function is not required in this clinical scenario. Transferring the posterior tibial tendon to the peroneus brevis helps maintain correction of the varus deformity and improves the weakened eversion strength. • Prepare the posterior tibial tendon for lateral transfer after the talonavicular capsular release has been completed (Video 7). In Video 7, a proximal release of the posterior tibial tendon sheath is performed to facilitate delivery of the posterior tibial tendon proximally. Make a posteromedial incision at the junction of the middle and distal parts of the leg to expose the proximal aspect of the posterior tibial tendon. The first tendon visualized is the flexor digitorum longus, which is retracted inferiorly to expose the posterior tibial tendon at its musculotendinous junction. Carefully transfer the posterior tibial tendon from the medial to the lateral side, as demonstrated in Video 7. When the lateral peroneal tendon sheath is opened, you can observe that the peroneus longus tendon is diseased and the peroneus brevis tendon is ruptured. Transfer the posterior tibial tendon to the remaining stump of the peroneus brevis with nonabsorbable suture using the Pulvertaft weave technique.
Step 6: Ankle Replacement
Once you determine that the talar varus is correctable and you have prepared the posterior tibial tendon for transfer, perform the total ankle replacement.
• If you are not satisfied with the correctability of the talar varus, your choices are to proceed to an ankle fusion or a two-staged ankle replacement. The total ankle replacement procedure varies, depending on the type of implant used. General principles are provided below. • Make the bone cuts on the tibial surface, going up to or just proximal to any defect in the medial tibial plafond (as in a congruent varus deformity). Include any medial plafond defects to maximize contact of the tibial prosthesis with the bone. Match the rotation of the tibial cutting guide to the external rotational deformity of the ankle mortise. • Proceed with talar cuts, ensuring that a concentric reduction of the talus is maintained. • Implant the trial components. Assess the range of motion and concentric medial-lateral and sagittal balancing, and make any necessary corrections with the aid of fluoroscopy in the case of imbalance. Resect the tibia in 2-mm increments if global tightness is evident and an adequate soft-tissue release has been performed. • Perform a trial reduction to ensure translational stability of the talus. Once the ankle replacement is in place, you may see a gap between the talar component and the medial malleolus. If you do, internally rotate the foot and ankle to determine if the talus falls into this gap. If it does, a transverse rotational medial malleolar osteotomy is required to close the gap and stabilize the medial side (Video 8). This type of osteotomy decreases the anteromedial volume of the ankle mortise, which has expanded in response to the chronic varus and internal rotational talar forces on the medial malleolus ( Fig. 4) . In Video 8, once the osteotomy is performed, the medial malleolus is rotated at the anterior aspect in a lateral direction. A towel clip is used in this video; care must be taken not to place any pressure on the talar component or the polyethylene liner to prevent damage to the components. • If a two-stage total ankle replacement is chosen ( Fig. 5 ), perform the final correction and joint salvage six to twelve weeks after the first stage.
Once the cement is removed, proceed with a standard total ankle replacement (Video 9). In Video 9, the cement is removed without difficulty and the ankle replacement is then performed. This is followed by a lateral based closing wedge osteotomy of the calcaneus (Video 10). In Video 10, the lateral fibular incision is well healed, and the lateral tissues are more receptive to the second incision required for the calcaneal osteotomy. • Stabilize the calcaneal osteotomy site with two 4.5-mm fully threaded cannulated screws, with the proximal tuberosity portion overdrilled with a 4.5-mm drill bit to provide compression by design.
Step 7: Foot Evaluation and Ancillary Procedures
Evaluate the rest of the foot and perform any required ancillary procedures; most often a dorsiflexion osteotomy of the first metatarsal is necessary to correct forefoot valgus, which is commonly seen in forefoot-driven cavovarus deformities.
• Ancillary procedures include dorsiflexion osteotomy of the first metatarsal, posterior tibial tendon transfer to the peroneus brevis, and/or lateral closing wedge calcaneal osteotomy. • Evaluate the Achilles tendon, heel alignment, hindfoot range of motion, and any accompanying forefoot deformity. Patients with posttraumatic ankle arthritis from a pilon fracture may require Achilles tendon lengthening. Patients with a forefoot-driven talar varus deformity often do not require Achilles tendon lengthening. • If plantar flexion of the first metatarsal is present, then perform a dorsiflexion osteotomy (Video 11). • Ancillary procedures most commonly performed in conjunction with total ankle replacement in a varus ankle include lengthening and/or transfer of the posterior tibial tendon, lateral rotational medial malleolar osteotomy, lateral closing wedge osteotomy of the calcaneus, dorsiflexion osteotomy of the first metatarsal with plantar fascia release in patients with cavovarus deformity, triple fusion, midtarsal fusion, and lateral ligament reconstruction.
Results
Patients with preoperative coronal plane varus tibiotalar deformities of ≥10° who underwent total ankle replacement have shown significant improvement in clinical outcome scores at the time of mid-term followup. In our study of thirty-six ankles, improvements in AOFAS (American Orthopaedic Foot & Ankle Society), AOS (Ankle Osteoarthritis Scale) pain, AOS disability, and SF-36 PCS (Short Form-36 Physical Component Summary) scores, as compared with the preoperative scores, as well as the scores at the time of final followup (at a mean of 36.7 months) were found to be similar to those observed in a control group with varus tibiotalar deformity of <10° who had been matched for age, sex, body mass index, and implant type 1 . Patients with preoperative varus deformity of ≥10° had mean postoperative scores of 80.9 (AOFAS), 18.1 (AOS pain), 29.3 (AOS disability), and 41.6 (SF-36 PCS) at a mean of 36.7 months postoperatively 1 . These scores are similar to those reported in studies of patients with neutrally aligned ankles followed for eighteen to forty-six months after total ankle replacement [8] [9] [10] [11] [12] . Tibial and talar deformities observed preoperatively in the thirty-six ankles with varus deformity of ≥10° in our study improved significantly toward a normal weight-bearing axis, with mean tibial and talar angles of 85.6° and 83.4°, respectively, at 43.5 months following total ankle replacement 1 . However, these angles remained significantly different from those in the matched cohort of patients with neutrally aligned ankles who also underwent total ankle replacement. While the tibial components were radiographically stable in all ankles, radiographic normality was more difficult to achieve in the patients with preoperative coronal plane varus tibiotalar deformity of ≥10° because of the loss of tibial bone, compromised soft tissues, and lateral instability. Nine (25%) of the thirty-six ankles with varus deformity of ≥10° had a tibial plafond or talar angle of >6° from the long axis of the tibia, and 25% demonstrated tibiotalar incongruence of >2° following total ankle replacement 1 .
As expected, more ankles with varus deformity require ancillary procedures during the index surgery to achieve a plantigrade foot when compared with ankles with neutral alignment (81% versus 47% in our study 1 ). Shock et al. 13 reported a 73% rate of ancillary procedures in ankles with varus deformity of >5°. More ankles with varus deformity also experienced complications (19% versus 14% of the neutral ankles) or underwent additional surgery to correct residual deformity (36% versus 17% of the neutral ankles) in our study 1 . Other studies have shown similar rates of secondary surgery for any cause after total ankle replacement (range, 11% to 34%) 10, 11, 14 . 
What to Watch For

Indications
Pitfalls & Challenges
• Correction of the cavovarus and talar varus deformity is required prior to total ankle replacement. • Begin with appropriate soft-tissue release followed by osseous correction. • The general sequence of procedures is plantar fascia release, release of the posterior tibial tendon and preparation for transfer, and talonavicular capsule release. • Follow with lateral osteophyte and gutter debridement, assess the peroneus longus and peroneus brevis tendons, and transfer the posterior tibial tendon to the lateral side. • Proceed with anterior exposure of the ankle and anterolateral, anteromedial, and medial osteophyte debridement. • If the talar varus is easily correctable, proceed with total ankle replacement. If talar correction is less than adequate, consider two-stage total ankle replacement or conversion to ankle fusion. • After total ankle replacement, assess for a medial gap due to dysplasia and flaring of the medial malleolus. If present, proceed with a transverse rotational osteotomy of the medial malleolus. • Utilize meticulous surgical technique to reduce complication rates. Pay careful attention to the soft tissues and closure of the extensor retinaculum and capsule to prevent deep infection and maintain its protective role. • Address the lateral ankle ligament imbalance resulting from enduring deformity or instability before or during total ankle replacement. • In patients with varus ankle deformity ≥10°, clearly identify where the deformity is occurring and proceed to correct the deformity where it exists. This may require addressing varus arthritis of the knee, proximal or distal tibial deformities, and cavovarus deformities of the foot. • Even if ankle fusion is performed, careful correction of the deformity is necessary with use of all of the techniques described for a successful total ankle replacement.
Clinical Comments
• Patients who present with end-stage ankle arthritis with a talar varus deformity often do not have a history of lower-extremity or hindfoot fractures. The most common presenting symptom is ankle sprains starting at a young age. Do patients with end-stage ankle arthritis and a talar varus deformity have a preexisting rotational abnormality of the lower extremity or preexisting hindfoot varus? How aggressive should surgeons be in correcting deformities in patients who present at a young age with recurrent ankle sprains and a subtle cavovarus foot? • Performing a hindfoot reconstruction in a patient with end-stage ankle arthritis and a talar varus deformity is a complex procedure that requires correction and reconstruction at multiple levels. These patients often have restricted subtalar movement with a diminished arc of eversion. How important is it to preserve ankle motion in this patient population?
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Disclosure: The author received payments or services, either directly or indirectly (i.e., via his institution), from a third party in support of an aspect of this work. In addition, the author, or his institution, has had a financial relationship, in the thirty-six months prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. The author has not had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by the authors are always provided with the online version of the article. Fig. 1  Figs. 1-A through 1-D A sixty-nine-year-old man with a varus deformity of the knee due to medial compartment arthritis. Fig. 1 -A Preoperative 3-foot standing radiograph of a varus deformity of the knee due to medial compartment arthritis and end-stage ankle arthritis with talar varus. Fig. 1-B 3-foot standing radiograph made after total knee replacement with correction of the tibial varus deformity. Fig. 1 -C Preoperative anteroposterior radiograph of the ankle demonstrating a talar varus deformity. Fig. 1-D Anteroposterior radiograph of the ankle after total ankle replacement, demonstrating correction of varus deformity. . 2-A and 2-B CT three-dimensional (3-D) reconstructions of osteophytes. Fig. 2 -A Lateral reconstruction demonstrating the lateral osteophytes extending off the fibula and the talar body typically seen in a talar varus deformity. Fig. 2 
Figures
-B
Anteroposterior reconstruction demonstrating medial osteophyte formation extending from the medial malleolus and the talar body. Fig. 3  Figs. 3-A and 3-B Anteroposterior views of the ankle with flaring of the medial malleolus. Fig. 3 -A Radiograph demonstrating flaring of the medial malleolus and medial translation of the talus. Note the increased volume of the ankle mortise with a gap between the talus and fibula. Fig. 3-B CT 3-D reconstruction demonstrating the tibia only, with flaring of the medial malleolus. Fig. 4  Figs. 4-A and 4 -B An ankle with talar varus and flaring of the medial malleolus. Fig. 4 -A Preoperative anteroposterior radiograph. The lines indicate the location of the transverse medial malleolar osteotomy, and the arrow indicates the direction in which the medial malleolus must be rotated and translated. Fig. 4-B Anteroposterior radiograph of the same ankle after rotational osteotomy of the medial malleolus. Note how the gap between the talus and fibula has been closed and the anteromedial volume of the ankle mortise has been decreased. 
